The evolution of six-quark color-singlet state distribution amplitudes is formulated as an application of perturbative quantum chromodynamics to nuclear wave functions. We derive and solve a set of coupled evolution equations for the deuteron S-wave amplitude. The solution of the evolution equations leads to a general matrix representation of anomalous dimensions which can be used to analyze the deuteron wavefunction at short distances.
Introduction
In the past few years a number of new applications of perturbative quantum chromodynamics to nuclear physics have been explored' including a qualitative description of the nuclear force in terms of quark exchange, and detailed predictions for the electromagnetic interactions of nuclei at large momentum transfer.
Since the basic scale of QCD, Am, is phenomenologically of order of a few hundred MeV or less, QCD predicts a transition from the traditional meson and nucleon degrees of freedom of nuclear physics to quark and gluon degrees of freedom at internucleon separations of a fermi or less. In addition, because of asymptotic freedom, perturbative QCD calculations should become relevant at c-momentum transfer scales of order of 1 GeV or even less. 2 Recently, we have presented detailed QCD predictions for the asymptotic high-Q2 behavior of the deuteron form factor which are, in principle, exact dynamical predictions of nuclear physics. 3 One of the most convenient and physical formalisms for analyzing exclusive processes with large transverse momenta is the QCD evolution formalism, based on a reformulation of the Bethe-Salpeter equation at equal light-cone time. In this paper, we present a detailed derivation of a set of six-quark evolution equations for the deuteron S-wave amplitude and a convenient way to solve the derived equations. We then construct a general matrix representation of the anomalous dimensions from explicit solutions of the evolution equations in order to analyze the deuteron wavefunction at short distances.
The evolution of the amplitude for simpler hadrons such as quark-antiquark meson415 and three quark baryon4 systems have already been formulated and solved. While these conventional hadrons have only one color singlet representa-tion, the six-quark systems considered here have five independent color singlet representations. The formulation of the evolution equation for totally antisymmetric six-quark states is not trivial even though it is a natural extension of the three-quark case. 4 We have presented a general method for solving the QCD evolution equations which govern relativistic multi-quark wave functions. 6 We have also applied it to a four-quark toy system in SU(2)c and derived some constraints on the effective force between two baryons. 7 However, since the antisymmetric representation of a multi-quark wave function must be constructed explicitly, it is hard in practice to solve the multi-quark evolution equation. In this paper we avoid this problem by exploiting the permutation symmetry of the evolution a-kernel.
In Sec. 2, a completely antisymmetric six-quark wave function is constructed and an example of an explicit representation is presented. In Sec. 3, we derive a set of evolution equations for the deuteron S-wave amplitude through a generalized kernel equation for a completely antisymmetric six-quark wave function. A convenient way to solve these coupled evolution equations is presented in Sec. 4. In Sec. 5, the general matrix representation for the anomalous dimension is obtained. Results for the leading anomalous dimension are given in detail. Discussions and conclusions are followed in Sec. 6. In Appendix A we describe a general method determining color singlet representations and explain the methods leading to the explicit representations given in Sec. 2. In Appendix B we present the color factor calculations and the detailed expressions for the orthogonal kernels which have specific permutation symmetries.
Six-Quark States
Six-quark states can be classified by their symmetries under SU(3)c(color), SU(2)~(isospin), SU(2)s(spin), and spatial symmetry. Since the physical states are color singlets, the Young symmetry of the color singlet states of six-quark system is fc = (222) or H. In th e six-quark system, there are five independent color singlet states corresponding to five different Yamanouchi labels' of (222) symmetry. The explicit representations of the five independent color singlet states and their correspondence to Yamanouchi labels is given in Appendix A. 
P-5)
The remaining SU(2)T and SU(6)cs symmetries (I fTYT > and 1 fcsYc.y > ) are
given by specific tensor representations.
a-
The probability amplitude for the constituents with light-cone momentum -fraction Zi to combine into the hadron with relative transverse momentum up to the scale Q2 is given by the distribution amplitude <pd(zi, Q) defined by
where the & dependence of QiQ' comes from the renormalization of the quark fields.ll
As an explicit example of a six-quark representation, we give a specific representation for fT = (33), fcs = (222)~ x (6)s, and fo = (6) (T = 0, S = Sz = 3, and S-wave) ; where the indices ;, j, . . . , n and a, b, . . . , f are the color (r, y, b) and isospin In the following section, we will derive a set of evolution equations for the deuteron S-wave distribution amplitude. Since the deuteron is an isospin singlet and the S-wave is a symmetric orbital, the Young symmetry in each quantum space is given by fT = (33)T, fcs = (222)cs, and fo = (6)o. Thus, an example .7) is an eigensolution because only the symmetric tableau is allowed for the spin in Sz = 3 case. However, in general, and specifically for the deuteron, the eigensolutions will be given by mixing of abasis elements in spin space. allowed. However, if we constrain ourselves to some special cases then only a few equations actually need to be solved. For example, the leading term in high Q2
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limit of the Sz = 3 and 2" = 0 amplitude has only one possible combination of fs, fcs and fo (i.e. fz-= (33), fc = (22% fs = (6)) fcs = (22% fo = (6)) and only one equation needs be constructed for this special case. Therefore, we
can easily see that the explicit representation given by Eq. (2.7) is an eigensolution itself as we already mentioned in Sec. 2.
In any case, the unknown coefficients C:z;s and eigenvalue e in Eq. (3.2)
can be determined after a given set of equations (corresponding to the number of possible combinations of fs, fcs and fo) are solved.
In this paper, we will concentrate on analyzing the asymptotic amplitude which dominates exclusive processes at large transverse momenta such as the asymptotic high-Q2 behavior of the deuteron form factor. However, the general equation is given by Eq. (3.2), and the method which we present in the rest of this section can be applied to arbitrary cases. Since a deuteron is isospin singlet and the dominant degree of freedom in high-Q2 limit is S-wave, the eigensolutions which we are considering have fT = (33) and fo = (6) . In the Sz = 1 case, one has mixing between fs = (6)s and fs = (42)s.
.a - 
Symmetry of Kernel Equations
The Comparing with Eqs. (3.13), (3.14), (3.15), (3.17), and (3.19), we can solve er,e2, and 8 in terms of 7. We find two solutions; 4 25 5 el = ~7, e2 = 87, tan8= fi 2 P-6) ii) 11 7 el = ~7, e2 = ygr, fi tanB= --3-.
--However, if 7 > 0 then only a) solution is valid. The value of 7 will be determined in the next section.
Symmetric Kernel Equation and Solution
The evolution equation with the symmetric kernel has the same spin-orbital symmetry fso and Yso in the left and right hand sides of the equation:
where I is the eigenvalue of the symmetric kernel equation. In order to give a more explicit expression of Eq (5.1)) we project both sides of Eq Table I .
From Table I, The asymptotic behavior of the deuteron distribution amplitude is given by 40(x;,&) = ,.,.,~3~4~5.,(~;~o~~2)-70 (6.5) where 70 = $9 for Sz = 0 deuteron. The QCD predictions for high-Q2 behavior of deuteron form factor and the form of the deuteron distribution amplitude at short distances are given in Ref. 3 . The fact that the six-quark state is 80 percent hidden color at small transverse separation implies that the deuteron form factors cannot be described at large Q2 by meson-nucleon degrees of freedom alone, and that the nucleon-nucleon potential is repulsive at short distances.3~7~13 
